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SECONDARY BATTERY FIG . 6 is a perspective view showing an appearance of a 
stacked secondary battery . 

CROSS REFERENCE TO RELATED FIG . 7 is a cross - sectional view showing one example of 
APPLICATIONS an electrode structure . 

FIG . 8 is a cross - sectional view showing another example 
This application is a continuation of and claims the benefit of an electrode structure . 

of priority under 35 U.S.C. § 120 from U.S. application Ser . FIG . 9 is a perspective view showing another example of 
No. 14 / 604,559 filed Jan. 23 , 2015 , which is a continuation a battery cell . 
of PCT Application No. PCT / JP2013 / 070120 filed Jul . 24 , FIG . 10 is an exploded perspective view showing a wound 
2013 , and claims the benefit of priority under 35 U.S.C. $ type secondary battery . 
119 from Japanese Patent Application No. 2012-164164 FIG . 11 is a perspective view showing another example of 
filed Jul . 24 , 2012 , the entire contents of each of which are a wound type battery . 
incorporated herein by reference . FIG . 12 is a chart showing initial charging characteristics . 

FIG . 13 is a chart showing self - discharge characteristics . FIELD FIG . 14 is a schematic view showing a mechanism 
Embodiments of the present invention relate to a second occurring when a tensile stress is applied to a separator used 

ary battery . in a secondary battery of an embodiment . 
FIG . 15 is a perspective view showing one example of an 

BACKGROUND 20 electrode integrated with an organic fiber layer used in a 
secondary battery of an embodiment . 

In secondary batteries such as lithium secondary batteries , FIG . 16 is a perspective view showing one example of an 
porous separators are used to avoid contact between a electrode integrated with an organic fiber layer used in 
positive electrode and a negative electrode . The separator is secondary battery of an embodiment . 
usually prepared as a self - supporting film which is distinct 25 FIG . 17 is a schematic view showing a relationship 
from the positive electrode and the negative electrode . The between a surface roughness and a contact condition of 
separator is sandwiched by the positive electrode and the organic fibers in the electrode integrated with the organic 
negative electrode to form a unit structure ( electrode cell ) , fiber layer shown in FIG . 15 or FIG . 16 . 
and the resulting electrode cell is wound or the cells are FIG . 18 is a cross - sectional view showing a relationship stacked , thereby obtaining a battery . between the electrode integrated with the organic fiber layer The separator generally used includes a fine porous film shown in FIG . 15 or FIG . 16 , and a counter electrode . of a polyolefin resin film . Such a separator is produced , for FIG . 19 is a perspective view showing a state in which an example , by extrusion - molding a molten material including 
a polyolefin resin composition into a sheet , extracting and end surface of the electrode integrated with the organic fiber 
removing substances other than the polyolefin resin , and 35 layer , shown in FIG . 15 , is covered with an insulating tape . 
drawing the resulting sheet . FIG . 20 is a perspective view showing a state before an 

The resin film separator is required to have sufficient insulating tape is stuck to the electrode integrated with the 
mechanical strength to resist breakage during battery pro organic fiber layer shown in FIG . 19 . 
duction , and thus it is difficult to reduce the film thickness FIGS . 210 and 216 are scanning electron microscope 
by much . Regarding batteries , in particular a type in which 40 ( SEM ) photographs showing a cross - section obtained when 
a large number of battery cells are stacked or the battery cell a separator from the Example is cut along the thickness 
is wound , accordingly , the number of the unit cell layers direction thereof . 
which can be used , per unit volume of the battery is FIG . 22 is a chart showing a relationship between a tensile 
restricted by the thickness of the separator . This leads to a stress and a strain amount concerning a separator from 
decrease in a battery capacity . In addition , the resin film 45 Example 1b or Comparative Example 2 . 
separator is poor in durability , and when it is used for a FIG . 23 is an SEM photograph of a surface of the 
secondary battery , a disadvantage occurs in which the sepa separator from Example 1b . 
rator deteriorates in repeated charging and discharging , thus FIG . 24 is an SEM photograph of a surface of the 
resulting in a decrease of the cycle characteristics of the separator from Comparative Example 2 . 
battery . FIG . 25 is an SEM photograph of a surface of the 

separator from Comparative Example 2 . 
BRIEF DESCRIPTION OF DRAWINGS FIG . 26 is an SEM photograph of a surface of the 

separator from Comparative Example 2 . 
FIG . 1 is a cross - sectional view showing a battery cell in FIG . 27 is a chart showing a relationship between the 

an electrode structure included in a secondary battery 55 number of contacts and a self - discharge amount in samples 
according to one embodiment . of Example 11 to Example 14 . 

FIG . 2 is an outline view showing one example of a FIG . 28 is a chart showing a relationship between the 
negative electrode and an organic fiber layer fixed and number of contacts and a self - discharge amount in samples 
supported thereon . of Example 15 to Example 20 . 
FIGS . 3A and 3B are outline views showing other 60 FIG . 29 is an SEM photograph showing a surface of a 

examples of a negative electrode and an organic fiber layer separator from Reference Example 1 . 
fixed and supported thereon . FIG . 30 is an SEM photograph showing a surface of a 

FIGS . 4A to 4C are outline views showing other examples separator from Reference Example 2 . 
of a battery cell . FIG . 31 is an SEM photograph showing a surface of a 

FIG . 5 is an outline view showing another example of a 65 separator from Reference Example 3 . 
negative electrode and an organic fiber layer fixed and FIG . 32 is an SEM photograph showing a surface of a 
supported thereon . separator from Example 3 . 

50 
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FIG . 33 is a photograph illustrating a test for confirming tive electrode active material - containing layer ) 20b on a 
a state of a covered separator in a negative electrode from surface of a negative electrode current collector 20a , and the 
Example 3 . positive electrode 18 is formed by providing a positive 

FIG . 34 is a chart showing a relationship between a electrode active material layer ( positive electrode active 
storage time and a voltage change in a secondary battery 5 material - containing layer ) 18b on a surface of a positive 
from Example 4 or Comparative Example 3 . electrode current collector 18a . A metal foil , such as alumi 

FIG . 35 is a chart showing a relationship between a num foil , is used as the negative electrode current collector 
discharge rate and a discharge capacity retention rate in the 20a and the positive electrode current collector 18a . The 
secondary battery from Example 4 or Comparative Example negative electrode active material layer is formed using a 
3 . 10 slurry including a negative electrode active material , a 

negative electrode conductive agent and a binder , and the 
DETAILED DESCRIPTION positive electrode active material layer is formed using a 

slurry including a positive electrode active material , a posi 
The problem to be solved by the present invention is to tive electrode conductive agent and a binder . 

provide a secondary battery in which a decrease of the 15 It is possible , as the negative electrode active material , to 
battery capacity thereof is reduced . use carbon materials including graphite , tin - silicon alloy 

According to the embodiments , the secondary battery materials , and the like , but it is preferable to use lithium 
includes a container , an electrode structure provided in the titanate . The lithium titanate may include , for example , 
container , and an electrolyte . The electrode structure Li4 + xTis012 ( 0 < x < 3 ) having a spinel structure , and Liz + y 
includes a positive electrode and a negative electrode , 20 Ti30 , ( Osys3 ) having a ramsdellite structure . It is preferable 
between which an insulator is provided . The insulator for primary particles of the negative electrode active mate 
includes an organic fiber layer , which is fixed and supported rial to have an average particle size within a range of 0.001 
on at least one of the positive electrode and the negative to 1 um . The particle form may be any of particulate and 
electrode . fibrous . When the particles are fibrous , the fiber diameter 

According to the embodiments , the secondary battery 25 thereof is preferably 0.1 um or less . 
includes a separator and an electrode as at least one electrode When lithium titanate having a small particle size such as 
of a positive electrode and a negative electrode . The elec an average particle size of 1 um or less is used as the 
trode includes a current collector having an outer edge , a tab negative electrode active material , a negative electrode 
protruding from the outer edge of the current collector and active material layer having a high surface flatness can be 
integrally formed with the current collector , and an active 30 obtained . In addition , when the lithium titanate having a 
material - containing layer supported on at least one side of small particle size is used , the resulting battery has a 
the current collector . The separator includes an organic fiber potential lower than that of a typical lithium secondary 
layer . The organic fiber layer is accumulated on the active battery , and thus lithium metal is not deposited in principle . 
material - containing layer and on an intersection part of an The negative electrode conductive agent may include , for 
end surface of the active material - containing layer and a 35 example , acetylene black , carbon black , graphite , and the 
surface perpendicular to a thickness direction of the tab . like . The binder , used for binding the negative electrode 

According to the embodiments , the secondary battery active material to the negative electrode conductive agent , 
includes a container , an electrode structure provided in the may include , for example , polytetrafluoroethylene ( PTFE ) , 
container and an electrolyte provided in the container . The polyvinylidene fluoride ( PVdF ) , fluororubber , styrene - buta 
electrode structure includes a positive electrode , a negative 40 diene rubber , and the like . 
electrode , and a separator provided between the positive Typical lithium - transition metal composite oxides may be 
electrode and the negative electrode . The separator includes used as the positive electrode active material . Examples 
an organic fiber layer accumulated on at least one of the thereof may include LiCo02 , LiNi1-4C0_02 ( 0 < x < 0.3 ) , LiM 
positive electrode and the negative electrode . The organic n , Ni , Co , 02 ( 0 < x < 0.5 , 0 < y < 0.5 , and 0 < z < 0.5 ) , LiMn2 - x 
fiber layer has contacts in which the organic fiber intersects 45 MO . ( Mis Li , Mg , Co , Al , or Ni , and 0 < x < 0.2 ) , LiMPO4 ( M 
with itself . The form of the intersections is changed by a is Fe , Co , or Ni ) , and the like . 
tensile stress . The positive electrode conductive agent may include , for 

The embodiments of the present invention are explained example , carbonaceous materials such as acetylene black , 
below , referring to the drawings below . carbon black , or graphite . The binder may include , for 

FIG . 1 is a cross - sectional view showing one example of 50 example , polytetrafluoroethylene ( PTFE ) , polyvinylidene 
a battery cell in an electrode structure included in a second fluoride ( PVDF ) , fluororubber , and the like . 
ary battery according to one embodiment . The battery cell The organic fiber layer 23 acts as a separator through 
24 illustrated includes a positive electrode 18 , a negative which electrons do not pass but lithium ions pass . 
electrode 20 and an insulator 22 provided between the The organic fiber layer 23 may be continuously formed 
positive electrode 18 and the negative electrode 20 , and the 55 over the other side of the negative electrode 20 as shown in 
insulator 22 includes an organic fiber layer . As shown in FIG . 3A , or may further cover edges of the negative elec 
FIG . 2 , the organic fiber layer 23 is not a self - supporting trode 20 as shown in FIG . 3B . The positive electrode 18 can 
film , but is supported on the negative electrode 20 and fixed be used instead of the negative electrode 20 for fixing and 
on the negative electrode 20. The combination of the nega supporting the organic fiber layer 23 . 
tive electrode 20 and the organic fiber layer 23 , as shown in 60 FIG . 4A to 4C show other examples of the electrode cell 
FIG . 2 , may be referred to as an organic fiber layer - covered 24. In an electrode cell 24 shown in FIG . 4A , an organic 
electrode . The organic fiber layer 23 in the present embodi fiber layer 23 covers edges in addition to both sides of a 
ment is formed directly by supplying a starting material onto negative electrode 20. In an electrode cell 24 shown in FIG . 
the negative electrode 20 , which will be explained in detail 4B , an organic fiber layer 23 covers one side of a negative 
later . 65 electrode 20 and edges thereof , and one side of a positive 
As illustrated , the negative electrode 20 is formed by electrode 18 and edges thereof . In an electrode cell 24 shown 

providing a negative electrode active material layer ( nega in FIG . 4C , an organic fiber layer 23 covers both sides of a 
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positive electrode 18 and edges thereof . Such formations can The organic fiber layer 23 in the present embodiment has 
inhibit misalignment between the electrode surfaces facing pores , and the pores have preferably an average pore size of 
each other , and short - circuits caused by chips of the elec 5 nm to 10 um . The porosity thereof is preferably from 10 
trode and the current collector . Moreover , short - circuits can to 90 % . When the layer has such pores , a separator having 
be avoided at the edges , and the safety of the battery can be 5 excellent lithium ion permeability and good electrolyte 
increased , because of the structure in which the edges of the impregnating property can be obtained . The porosity is more 
electrode are covered with the insulator including the preferably 80 % or more . The average pore size and the 
organic fiber layer 23. The covering of the edges of the porosity of the pores can be confirmed by the mercury 
electrode with the insulator including the organic fiber layer penetration method , volume and density calculation , SEM 
23 also leads to improved self - discharge characteristics . 10 observation , or gas adsorption - desorption method . When the 

In the present embodiment , the organic fiber layer 23 can porosity of the organic fiber layer 23 is large , this means that 
be directly formed on the surface of the negative electrode effects of interference with the movement of lithium ions are 
or the positive electrode from a solution including an organic reduced . 
material as a starting material by using , for example , an When an electrospinning method is used , the organic fiber 
electrospinning method , an ink jet method , a jet dispenser 15 layer 23 having the characteristics described above can be 
method , a spray coating method , or the like . It is generally easily formed on the surface of the negative electrode 20 or 
said that , in order to form a separator from a self - supporting the positive electrode 18. According to the electrospinning 
film , a thickness of the film should be 12 um or more . In the method , one continuous fiber is formed in principle , and thus 
present embodiment , the organic fiber layer 23 having a resistance against breakage caused by bending and cracking 
thickness of less than 12 um is obtained because the layer is 20 of the film can be secured , even if the film is thin . When the 
directly formed by supplying the starting material on the layer is formed of one organic fiber , the probability of the 
electrode . The thickness of the insulator 22 between the occurrence of frayed organic fiber layer or partially missing 
positive electrode 18 and the negative electrode 20 can be parts on the organic fiber layer becomes low , and thus such 
reduced , thus resulting in a reduction in the thickness of the a layer is advantageous in terms of the inhibition of self 
electrode cell 24 . 25 discharge . 

As described above , when the lithium titanate having a In the electrospinning , a solution prepared by dissolving 
small particle size such as an average particle size of 1 um an organic material in a solvent is used . The organic material 
or less is used as the negative electrode active material , a can be selected from the group consisting of , for example , 
negative electrode active material layer having excellent polyamide - imide , polyamide , polyolefin , polyether , polyim 
surface flatness can be obtained . An organic fiber layer 30 ide , polyketone , polysulfone , cellulose , polyvinyl alcohol 
having a uniform thickness can be formed on the negative ( PVA ) and polyvinylidene fluoride ( PVDF ) . The polyolefin 
electrode active material layer having such high flatness . may include , for example , polypropylen , ( PP ) , polyethylene 
Moreover , when lithium titanate having small particles is ( PE ) , and the like . The polyimide and PVdF are considered 
used , the lithium ions are not deposited in principle , and thus to generally be difficult to form into fibers . When the 
it is not required to consider the penetration of the lithium 35 electrospinning method is employed , such materials can be 
ions through the insulator on the negative electrode active formed into fibers , from which a layer can be formed . 
material layer when the thickness of the insulation is In particular , polyimide does not dissolve , melt , or 
decided . It is possible , accordingly , to reduce the thickness decompose even at 250 to 400 ° C. , and thus an organic fiber 
of the insulator . layer having a high heat resistance can be obtained there 

The organic fiber preferably has a length of 1 mm or more 40 from . 
and a diameter of 1 um or less . The organic fiber layer as The organic material as described above is used by 
described above has sufficient strength , porosity , air perme dissolving it in a solvent at a concentration of , for example , 
ability , pore size , electrolytic solution resistance , oxidation about 5 to 60 % by mass . The solvent dissolving the organic 
reduction resistance , and the like , and thus it functions material is not particularly limited , and any solvent such as 
favorably as the separator . The diameter of the organic fiber 45 dimethylacetoamide ( DMAC ) , dimethylsulfoxide ( DMSO ) , 
can be measured by electron microscope ( SEM ) observa N , N - dimethylformamide ( DMF ) , N - methylpyrrolidone 
tion , a scanning probe microscope ( SPM ) , TEM , STEM , or ( NMP ) , water , or alcohols can be used . When an organic 
the like . The length of the organic fiber can be obtained material having a low solubility is used , the electrospinning 
based on a length measurement in the SEM observation . is performed while an organic material sheet is molten by 

It is preferable that 30 % or more of the entire volume of 50 using a laser , or the like . In addition , it is acceptable to mix 
the fibers forming the organic fiber layer 23 is accounted for an organic solvent having a high boiling point and an 
by organic fibers having a diameter of 1 um or less , because organic solvent having a low boiling point . 
it is necessary to ensure the ion permeability and a capability The organic fiber layer is formed by discharging the 
of impregnation with an electrolytic solution . The diameter starting material solution from a spinning nozzle over the 
is preferably within a range of 350 nm or less , more 55 surface of a pre - determined electrode , while a voltage is 
preferably a range of 50 nm or less . It is also preferable that applied to the spinning nozzle using a high voltage genera 
a volume of organic fibers having a diameter of 1 um or less tor . The applied voltage may be appropriately decided 
( more preferably 350 nm or less , still more preferably 50 nm depending on the kind of the solvent and the solute , the 
or less ) is 80 % or more of the entire volume of the fibers boiling point and the vapor pressure curve of the solvent , the 
forming the organic fiber layer 23. The state described above 60 concentration of the solution , the temperature , the shape of 
can be confirmed by the SEM observation of the organic the nozzle , the distance between the sample and the nozzle , 
fiber layer 23. It is more preferable that 40 % or more of the and the like , and , for example , a potential between the 
entire volume of the fibers forming the organic fiber layer 23 nozzle and the workpiece can be from 0.1 to 100 kV . The 
is accounted for by organic fibers having a diameter of 40 speed of supply of the starting material solution may also be 
nm or less . When the diameter of the organic fiber is small , 65 appropriately decided depending on the solution concentra 
this means that the effects of interference with the movement tion , the solution viscosity , the temperature , the pressure , the 
of lithium ions are reduced . applied voltage , the nozzle shape , and the like . When a 
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syringe type is used , the speed can be , for example , about 0.1 deformed and collapsed . When the inorganic component is 
to 500 ul / minute per nozzle . When multiple nozzles or a slit present with the organic fiber layer , the deformation of the 
nozzle is used , the supply speed may be decided depending pores can be avoided by the inorganic component . The 
on the opening area . impregnating property of the electrolyte and the ion con 

The entering of the solvent into the inside of the electrode 5 ductivity are not reduced , and the degradation of the dura 
can be substantially avoided , because the organic fiber is bility of the battery can be avoided . 
directly formed on the surface of the electrode in a dry state . With respect to the particle size of the inorganic compo 
The amount of the solvent remaining inside the electrode is nent , the average particle size is preferably from 5 nm to 100 
as extremely low as the ppm level or lower . Any solvent um , more preferably from 5 nm to 10 um , still more 
remaining inside the electrode causes a battery loss by an 10 preferably from 5 nm to 1 um . When less than about 40 % of 
oxidation - reduction reaction , which leads to reduced battery the entire volume of the organic fiber layer is accounted for 
performance . According to the present embodiment , the by the inorganic component with an average particle size 
possibility of causing such defects can be minimized , thus within the range described above , the desired effects can be 
resulting in enhanced battery performance . obtained . Moreover , no original effects of the organic fiber 

In the organic fiber layer , the porosity can be increased if 15 layer are impaired . 
the organic fiber included is in a non - dense state , and thus it When the inorganic component 26 is included , the 
is not difficult to obtain a layer having a porosity of , for strength of the insulator 22 including the organic fiber layer 
example , about 90 % . It is very difficult to obtain a layer 23 can be increased . For example , when a wound type is 
having such large porosity as described above if particles are formed , the bending property becomes better , and when a 
used . 20 stacked type is formed , damage at edge parts can be reduced 

A layer formed of inorganic particles is very disadvanta during punching . It is possible , thus , to maintain the perfor 
geous in terms of unevenness , ease of breakage , capability mance while the rigidity of the insulating film is maintained . 
of impregnation with an electrolytic solution , adherence , When the inorganic component 26 is included , resistance 
bending property , porosity , and ion permeability . It is clear to thermal shrinkage can also be increased , in addition to the 
that the organic fiber layer in the present embodiment is 25 increased strength of the insulator 22 including the organic 
more advantageous in the unevenness , ease of breakage , fiber layer 23. In particular , when a - A1203 is used as the 
capability of impregnation with an electrolytic solution , material for the inorganic component 26 , the heat resistance 
adherence , bending property , porosity , and ion permeability of the insulator including the organic fiber layer can be 
than an inorganic fiber layer . further increased . 

It is preferable that there are cation exchange groups on 30 The insulator 22 including the inorganic component 26 
the surface of the organic fiber . The movement of the lithium together with the organic fiber layer 23 can be formed , for 
ions through the separator can be promoted by cation example , by spraying the inorganic component 26 while the 
exchange groups , thus resulting in enhanced battery perfor organic fiber layer 23 is formed according to the method as 
mance . Specifically , it is possible to perform rapid charging described above . The insulator 22 including the inorganic 
or rapid discharging over a long period of time . The cation 35 component 26 can also be formed by scattering the inorganic 
exchange group is not particularly limited , and may include , component 26 on the surface of the electrode before the 
for example , a sulfonic acid group and a carboxylic acid organic fiber layer 23 is formed , or on the surface of the 
group . A fiber having a cation exchange group on its surface organic fiber layer 23 on the electrode . 
can be formed , for example , by the electrospinning method The separator including the organic fiber layer in the 
using a sulfonated organic material . 40 embodiment has desirably multiple contacts , by which the 
As shown in FIG . 5 , the insulator 22 may further include organic fiber ( s ) intersect ( s ) with itself ( each other ) , and open 

an inorganic component 26 in addition to the organic fiber pores or closed pores . As the organic fiber ( s ) forming the 
layer 23. When the inorganic component 26 is included , the contacts is / are not bonded to itself / each other , the intersec 
strength of the insulator 22 including the organic fiber layer tion form of the organic fiber is changed by applying a 
can be increased . As the inorganic component 26 , for 45 tensile stress to the separator to loosen the contacts . As a 
example , oxides and nitrides can be used . result , the organic fibers are aligned in the direction the 

The oxide may include , for example , Li , O , BeO , B203 , tensile stress is applied . When the tensile stress is applied to 
Na ,, MgO , A1,03 , SiO2 , P , 05 , CaO , Cr , O3 , Fe , O3 , ZnO , the separator , the inside structure of the separator changes to 
ZrO2 , TiO2 , and the like , zeolite ( M2in „ O.Al2O3.xSiO2.yH2O relieve the stress , and thus the separator in the embodiment 
wherein M is a metal atom such as Na , K , Ca or Ba , n is a 50 has a high breakage strength against tensile stress , and 
number corresponding to an electrical charge of a metal excellent ductility . FIG . 14 shows the mechanism at work 
cation Mº + , and x and y are molar numbers of SiO2 and H20 , when the tensile stress is applied to the separator . States ( I ) , 
respectively , and 25xs10 and 2sy ) , and the like . The nitride ( II ) and ( III ) are arranged in chronological order from the 
may include , for example , BN , AIN , Si N4 , BazN ,, and the left side in FIG . 14. When a separator 51 is pulled in a 
like . 55 direction A as shown in state ( I ) at the left side in FIG . 14 , 

It is further possible to use , as the inorganic component , a contact B of the organic fiber 52 loosens as shown in state 
silicon carbide ( SIC ) , zircon ( ZrSiO2 ) , carbonates ( such as ( II ) . Then , almost all of the organic fibers 52 are arranged in 
MgCO3 and CaCO3 ) , sulfates ( such as CaSO4 and BaSO4 ) , a direction A as shown in state ( III ) . The ductility of the 
composites thereof ( such as steatite ( Mgo.SiO2 ) , forsterite separator 51 can be improved , because the stress applied to 
( 2MgO.SiO2 ) and cordierite ( 2Mg0.2A1203.5SiO2 ) which 60 the separator 51 can be relaxed due to the above series 
are kinds of porcelain ) , and the like . change of the inner structure . As a result , even if the 

The shape of the inorganic component is not particularly thickness of the separator is reduced , the breakage of the 
limited , and may be any shape such as a sphere , scale , separator can be avoided during handling in the production 
polygon , or fiber . steps or when vibration is applied to a secondary battery , and 

In general , it is preferable to use an inorganic component 65 thus the thickness of the separator can be reduced . Conse 
having a high hardness . When excessive pressure is applied quently , an energy density of the battery can be improved , 
to the organic fiber layer , the pores in the layer may be because the volume ratio of the separator in the battery 
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volume can be reduced . In addition , an impedance of the containing layers 53b ( surfaces perpendicular to a thickness 
battery can be kept low , because a distance between the direction of the active material - containing layer 53b ) , a first 
positive electrode and the negative electrode can be short end surface 61 at which the current collector tab 53c of the 
ened . electrode 53 protrudes , a second end surface 62 located 

The number of the contacts is desirably within a range of 5 opposite to the first end surface 61 of the electrode 53 , and 
15 ( contacts / 100 um ? ) or more and 120 ( contacts / 100 umº ) an intersection part 64 of the active material - containing 
or less , per unit area of the cross - section of the separator in layer 53b and the surface perpendicular to the thickness 
the thickness direction . This can reduce the self - discharge of direction of the current collector tab 53c ( the main surface ) . 
the secondary battery when the thickness of the organic fiber The organic fiber layer 54 is a layer depicted by slanted lines 
layer , which is the separator , is adjusted to a range of 1 um 10 in FIG . 15 , and has a seamless structure with no joints . 
or more and 21 um or less . The more preferable range is 30 According to the electrode 53 shown in FIG . 15 , the 
( contacts / 100 um ? ) or more and 120 ( contacts / 100 um ? ) or organic fiber layer 54 , which is accumulated on the inter 
less . section part 64 with the first end surface 61 on the main 

The negative electrode active material preferably includes surface of the current collector tab 53c , closely adheres to 
lithium titanate . When the negative electrode active material 15 the current collector tab 53c , and thus peeling - off of the 
including lithium titanate is used , the thickness of the separator from the electrode can be inhibited and occurrence 
separator can be reduced , and internal short - circuits can be of internal short - circuits can be reduced between the elec 
prevented when the porosity is increased . When a sponta trode and the counter electrode . In particular , according to 
neous potential of Li / Li * is defined as 0 V , a potential of a the electrode 53 shown in FIG . 15 , the organic fiber layer 54 
carbon material is about +0.2 V ( vs. Li / Li * ) . When an 20 is accumulated on the main surfaces of the two active 
overvoltage is applied to a battery , a potential of a negative material - containing layers 53b , the first end surface 61 of the 
electrode decreases by about 0.5 V ( vs. Li / Li * ) , and thus the electrode 53 , the second end surface 62 of the electrode 53 , 
potential of the negative electrode including the carbon and the intersection part 64 with the active material - con 
material is lower than the spontaneous potential of Li / Li , taining layer 53b on the main surface of the current collector 
thus resulting in deposition of Li dendrites on the negative 25 tab 53c in the state with no joints ( a seamless structure ) , and 
electrode . For this reason , if the thickness of the separator is thus even if a vibration is applied to a secondary battery 
reduced and the porosity is made high , internal short when the secondary battery is mounted on a vehicle such as 
circuits , in which Li dendrites pass through the separator and a car , or charge and discharge is repeated , the peeling - off of 
come into contact with the positive electrode , may occur . On the separator from the electrode can be inhibited , and the 
the other hand , a negative electrode including lithium titan- 30 occurrence of internal short - circuits can be reduced between 
ate has a potential of +1.55 V ( vs. Li / Li + ) , and thus even if the electrode and the counter electrode . 
an overvoltage is applied , the potential is not lower than the An electrode 53 shown in FIG . 16 is an example different 
spontaneous potential of Li / Li in principle , and thus internal in the shape of the current collector tab from the electrode 
short - circuits can be avoided even when the thickness of the shown in FIG . 15. The electrode 53 includes a strip - shaped 
separator is reduced and the porosity is made high . 35 current collector 53a , active material - containing layers 53b 

For the reasons as explained above , the negative electrode supported on both sides of the current collector 53a , multiple 
including lithium titanate can avoid the problem of internal current collector tabs 53d protruding from one side of the 
short - circuits when a separator including an organic fiber current collector 53a ( in FIG . 16 , one long side ) at intervals 
layer , which has 15 ( contacts / 100 um ) or more and 120 and formed of a current collector on which an active 
( contacts / 100 um ? ) or less , per unit area of the cross - section 40 material - containing layer is not formed . An organic fiber 
in the thickness direction , of contacts and has a thickness of layer 54 is accumulated on main surfaces of the two active 
8 um or more and 21 um or less , is used . For this reason , the material - containing layers 53b , a first end surface 61 at 
separator having the contacts and thickness described above which the current collector tab 53d of the electrode 53 
can inhibit self - discharge of the secondary battery which has protrudes , a second end surface 62 located opposite to the 
the negative electrode including lithium titanate . 45 first end surface 61 of the electrode 53 , an intersection part 

According to the embodiment , a secondary battery which 64a with the active material - containing layer 53b on the 
includes an electrode including a current collector having an main surface of each current collector tab 53d , and an 
outer edge , a tab protruding from the outer edge of the intersection part 64b with an end surface of the current 
current collector and integrally formed with the current collector 53a on a side surface of each current collector tab 
collector , and an active material - containing layer supported 50 53d . The organic fiber layer 54 is a layer depicted by slanted 
on at least one side of the current collector is provided . The lines in FIG . 16 , and has a seamless structure with no joints . 
electrode is used as at least one of a positive electrode and According to the electrode 53 shown in FIG . 16 , the 
a negative electrode . The secondary battery includes the organic fiber layer 54 , accumulated on the intersection part 
separator including the organic fiber layer . The organic fiber 64a with the active material - containing layer 53b on the 
layer is layered on the active material - containing layer and 55 main surface of the current collector tab 53d , closely adheres 
on an intersection part with an end surface of the active to the current collector tab 53d , and thus peeling - off of the 
material - containing layer on a surface perpendicular to a separator from the electrode can be inhibited and occurrence 
thickness direction of the tab . The electrode is explained of internal short - circuits can be reduced between the elec 
referring to FIG . 15 to FIG . 20 . trode and the counter electrode . In particular , according to 
As shown in FIG . 15 , an electrode 53 includes a strip- 60 the electrode 53 shown in FIG . 16 , the organic fiber layer 54 

shaped current collector 53a , active material - containing is accumulated on the main surfaces of the two active 
layers 53b supported on both sides of the current collector material - containing layers 53b , the first end surface 61 of the 
53a , and a current collector tab 53c protruding from one side electrode 53 , the second end surface 62 of the electrode 53 , 
of the current collector 53a ( in FIG . 15 , one long side ) and the intersection part 64a with the active material - containing 
formed of a current collector on which an active material- 65 layer 53b on the main surface on each current collector tab 
containing layer is not formed . An organic fiber layer 54 is 53d , and the intersection part 64b with the end surface of the 
accumulated on main surfaces of the two active material current collector 53a on the side surface of each current 
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collector tab 53d in the state with no joints ( the seamless aluminum alloy , and copper , the adherence between the 
structure ) , and thus even if a vibration is applied to a organic fiber layer 54 and the current collector tab 53c or 53d 
secondary battery when the secondary battery is mounted on can be improved . 
a vehicle such as a car , or charge and discharge is repeated , As shown in FIG . 18 , the electrode 53 ( first electrode ) can 
the peeling - off of the separator from the electrode can be 5 be provided to face a counter electrode ( second electrode ) 57 
inhibited , and the occurrence of internal short - circuits can be covered with no separator . The counter electrode 57 includes 
reduced between the electrode and the counter electrode . a strip - shaped current collector 57a , active material - contain 

In the electrode 53 shown in FIG . 15 or FIG . 16 , the ing layers 576 supported on both sides of the current 
organic fiber layer 54 is not be accumulated on a third end collector 57a , and a current collector tab 57c protruding 
surface 63 intersecting with the first end surface , which is 10 from one side of the current collector 57a and formed of a 
the end surface parallel to the short side , and a fourth end current collector on which an active material - containing 
surface located opposite to the third end surface 63 , but the layer is not formed . An organic fiber layer 54 , accumulated 
organic fiber layer 54 may be accumulated on at least one of on an intersection part 64 with an active material - containing 
the third end surface 63 and the fourth end surface . layer 53b on a main surface of a current collector tab 53c , 

The electrode 53 shown in FIG . 15 or FIG . 16 may be 15 faces the active material - containing layer 57b of the counter 
used for the positive electrode , the negative electrode , or electrode 57. The main surface is a surface perpendicular to 
both of the positive electrode and the negative electrode . a thickness direction Tof a current collector tab 53c . An area 
When the electrode 53 is used for either the positive elec S of the organic fiber layer 54 is desirably wider than that of 
trode or the negative electrode , the negative electrode 18 in a facing area of the counter electrode 57. This can prevent 
FIG . 4A , the negative electrode 18 or the positive electrode 20 occurrence of internal short - circuits between the electrode 
20 in FIG . 4B , or the positive electrode 20 in FIG . 4B can 53 and the counter electrode 57 with certainty . 
be used as a counter electrode . In the electrode 53 , a peel strength of the organic fiber 

When the electrode 53 is used as the negative electrode , layer 54 from the electrode 53 is desirably 4 N or more , more 
it is desirable to form the current collector 53a and the preferably 6 N or more . This can further increase the effect 
current collector tabs 53c and 53d from at least one con- 25 of preventing the peeling - off of the separator from the 
ductive material selected from the group consisting of electrode 53. The peel strength can be measured using a 
aluminum , aluminum alloy , and copper . This can make the measuring apparatus , model No. RT - 2020D - D - CW , manu 
surface roughness of the current collector tab smaller than factured by Rheotech Co. , Ltd. , or an apparatus having 
that of the active material - containing layer , and thus the functions similar thereto . 
effect of preventing the peeling - off of the separator from the 30 The electrode 53 having the peel strength within the range 
electrode can be further increased . As shown in FIG . 17 , described above can be manufactured , for example , by an 
when the surface roughness of the current collector tab 53c electrospinning method . In the electrospinning method , a 
is smaller than that of the active material - containing layer starting material solution is charged by a voltage applied to 
53b , a contact area between the organic fiber 56 and the a spinning nozzle , and an electric charge amount per unit 
current collector tab 53c is wider than that between the 35 volume of the starting material solution is increased by 
organic fiber 56 and the active material - containing layer volatilization of a solvent from the starting material solution . 
53b , and thus the adherence strength between the organic The volatilization of the solvent and the increase of the 
fiber layer 54 and the electrode 53 is increased . Here , for the electric charge amount per unit volume occur continuously , 
surface roughness , values measured according to any of which elongates the starting material solution , discharged 
arithmetic average roughness ( Ra ) , maximum peak height 40 from the spinning nozzle , in a longitudinal direction , and a 
( Rp ) , and maximum peak roughness ( Rz ) can be used . nanosized organic fiber is accumulated on the electrode . A 
When the electrode 53 is used as the negative electrode , Coulomb force is generated between the organic fiber and 

the negative electrode active material includes preferably the electrode due to a potential between the nozzle and the 
lithium titanate . A negative electrode active material includ electrode . The nanosized organic fiber can increase a contact 
ing lithium titanate expands and shrinks less , due to the 45 area with the electrode , and the organic fiber can be accu 
charge - discharge reaction , than a tin oxide described in Jpn . mulated on the electrode by the Coulomb force . The peel 
Pat . Appln . KOKAI Publication No. 2002-249966 , and thus strength of the separator from the electrode , accordingly , can 
collapse of a crystal structure of the active material can be be increased . The peel strength can be controlled , for 
prevented . Accordingly , when the organic fiber layer 54 is example , by controlling a solution concentration or a dis 
accumulated on the intersection part 64 with the active 50 tance between a sample and nozzle . 
material - containing layer 53b on the main surface of the As shown in FIG . 19 , a third end surface 58 intersecting 
current collector tab 53d , and the negative electrode active with the first end surface in the electrode 53 may be covered 
material including the lithium titanate is used , the peeling with an insulating member such as an insulating tape 59. The 
off of the separator from the negative electrode , occurring insulating tape 59 may be pasted to not only the third end 
when a vibration is applied to a secondary battery , and 55 surface 58 but also a fourth end surface located opposite to 
charge and discharge is repeated , can be prevented . The the third end surface 58. The third end surface 58 and the 
lithium titanate particles have desirably an average primary fourth end surface correspond to a winding start end and a 
particle size within a range of 0.001 to 1 um . When using winding finish end of the electrode in a wound electrode 
such particles , a negative electrode active material - contain group . When the third end surface 58 or the fourth end 
ing layer having excellent surface flatness can be obtained , 60 surface is covered with the insulating tape 59 , end surfaces , 
and thus the adherence between the organic fiber layer 54 which are not covered with the organic fiber layer 54 , can be 
and the negative electrode substance - containing layer can be covered with the insulating tape 59 , and thus the occurrence 
improved , and the effect of preventing the peeling - off of the of internal short - circuits with the counter electrode can be 
separator from the negative electrode can be increased . prevented with certainty . As the insulating tape 59 , for 
When the current collector 53a and the current collector tabs 65 example , a polyimide tape or a Kapton tape can be used . 
53c and 53d are formed from at least one conductive FIG . 20 is a perspective view showing the third end surface 
material selected from the group consisting of aluminum , 58 before covering with the insulating tape 59 . 
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In the electrode 53 , it is desirable that the organic fiber The polymer material may include , for example , polyvi 
layer 54 has contacts in which the organic fiber ( s ) nylidene fluoride ( PVDF ) , polyacrylonitrile ( PAN ) , polyeth 
intersect ( s ) with itself ( each other ) and the form of the ylene oxide ( PEO ) , and the like . intersection is changed by a tensile stress . This can further As the non - aqueous electrolyte , a room temperature mol increase the effect of preventing the peeling - off , because the ten salt including lithium ions , which is an ionic melt , a solid organic fiber layer 54 can easily deform following a stress 
applied to the electrode when a vibration is added to the polymer electrolyte , and an inorganic solid electrolyte may 

be used . secondary battery or a stress , caused by expansion and 
shrinking due to charge and discharge , is applied to the As shown in FIG . 7 , an electrode structure 14 includes 
electrode . multiple electrode cells 24 , and in each electrode cell 24 , a 

The physical properties ( porosity , number of contacts , and positive electrode 18 and a negative electrode 20 are elec 
the like ) of the separator in the secondary battery can be trically isolated from each other through an insulator 22 
obtained by measuring the separator which has been out of including an organic fiber layer . The insulator 22 includes 
the secondary battery in the following method . After the the organic fiber layer formed directly on a surface of the secondary battery is completely discharged , i.e. , the can or 
laminate film container is opened in an inert atmosphere 15 negative electrode 20 , which can be formed using materials 

as already explained in a method as already explained . In the such as Ar gas , an electrode structure ( electrode group ) is 
taken out . After the separator is removed from the positive example illustrated , the insulator 22 including the organic 
electrode and the negative electrode , the separator is washed fiber layer is formed directly on the surface of the negative 
with a solvent such as diethyl carbonate ( DEC ) or methyl electrode 20 , but the layer may be formed directly on the 
ethyl carbonate ( MEC ) to remove any non - aqueous electro- 20 positive electrode 18. As described above , the thickness of 
lytic solution from the separator . Then the separator is dried the organic fiber layer can be made thin such as less than 12 
and subjected to measurement . um . This can reduce the thickness of the insulator 22 and the 

The thickness of the separator can be measured after the number of the electrode cells 24 stacked can be increased , 
electrode structure ( electrode group ) , which has been taken and thus the battery capacity is not reduced . 
out from the can or laminate film container of the secondary 25 Each positive electrode 18 has a rectangular positive 
battery , is subjected to a resin embedding treatment . electrode current collector 18a formed of a foil of aluminum 

The secondary battery according to the present embodi or the like , and positive electrode active material layers 18b 
ment may be any of a stacked type and a wound type . supported on both side of the positive electrode current 

FIG . 6 is a perspective view showing an appearance of a collector 18a . The positive electrode active material layer 
stacked secondary battery . A secondary battery 10 illustrated 30 18b is formed over the whole surface of the positive elec 
has a packaging 12 , which is , for example , formed of a trode current collector 18a . Each positive electrode 18 has a 
laminate film and is in the state of a flat rectangular box , and positive electrode tab 18c for collecting electricity , which 
a non - aqueous electrolytic solution as the electrolyte and a protrudes almost perpendicularly from an outer edge , for 
stacked electrode structure 14 are contained within it . A example , a side edge , of the positive electrode current 
positive electrode terminal 16a and a negative electrode 35 collector 18a . This positive electrode tab 18c is formed 
terminal 16b extend outward from one end surface of the integrally with the positive electrode current collector 18a 
packaging 12. The positive electrode terminal 16a and the from the same material as that of the positive electrode 
negative electrode terminal 16b are respectively connected current collector 18a , and extends from the positive elec 
to a positive electrode and a negative electrode , forming the trode current collector with no gaps or joints . 
electrode structure 14 . Each negative electrode 20 has a rectangular negative 

As the electrolyte , a non - aqueous electrolyte is generally electrode current collector 20a formed of a foil of aluminum 
used . The non - aqueous electrolyte may include a liquid or the like , and negative electrode active material layers 20b 
non - aqueous electrolyte prepared by dissolving an electro supported on both sides of the negative electrode current 
lyte in an organic solvent , a gelatinous non - aqueous elec collector 20a . The negative electrode active material layer 
trolyte in which a liquid electrolyte is compounded with a 45 20b is formed over the whole surface of the negative 
polymer material , and the like . The liquid non - aqueous electrode current collector 20a . Each negative electrode 20 
electrolyte can be prepared by dissolving the electrolyte in has a negative electrode tab 20c for collecting electricity , 
an organic solvent at a concentration of 0.5 mol / l or more which protrudes almost perpendicularly from an outer edge , 
and 2.5 mol / l or less . for example , a side edge , of the negative electrode current 

The electrolyte may include , for example , lithium salts 50 collector 20a . The negative electrode tab 20c is formed 
such as lithium perchlorate ( LiC104 ) , lithium hexafluoro integrally with the negative electrode current collector 20a 
phosphate ( LiPF ) , lithium tetrafluoroborate ( LiBF4 ) , from the same material as that of the negative electrode 
hexafluoro arsenic lithium ( LiAsF . ) , trifluoromethanesulfo current collector 20a , and extends from the negative elec 
nic acid lithium salt ( LiCF2S03 ) , lithium bistrifluorometh trode current collector with no gaps or joints . The negative 
ylsulfonylimide [ LiN ( CF3SO2 ) 2 ] , or mixtures thereof . The 55 electrode tab 20c protrudes on the same side of the positive 
compounds which are not easily oxidized even at a high electrode tab 18c , and is provided on the longitudinal side of 
potential are preferable , and LiPF , is most preferable . The the negative electrode current collector 20a and faces the 
organic solvent may include , for example , cyclic carbonates positive electrode tab 18c . 
such as propylene carbonate ( PC ) , ethylene carbonate ( EC ) As shown in FIG . 8 , a periphery of the electrode structure 
or vinylene carbonate ; linear carbonates such as diethyl 60 may be covered with the insulator 27 including the organic 
carbonate ( DEC ) , dimethyl carbonate ( DMC ) or methylethyl fiber layer except for the positive electrode tab 18c and the 
carbonate ( MEC ) cyclic ethers such as tetrahydrofuran negative electrode tab 200. The organic fiber layer 27 
( THF ) , 2 - methyl tetrahydrofuran ( 2MeTHF ) or dioxolane covering the periphery can be formed from the same mate 
( DOX ) ; linear ethers such as dimethoxyethane ( DME ) or rial as used for the insulator 22 , which separates the positive 
diethoxyethane ( DEE ) ; y - butyrolactone ( GBL ) , acetonitrile 65 electrode 18 from the negative electrode 20 , in the same 
( AN ) , sulfolane ( SL ) , and the like . The organic solvents may manner . It is also possible to form the insulator 27 including 
be used alone or as a mixture of two or more kinds . the organic fiber layer on a surface of an electrode structure , 

40 
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because the starting material is supplied on the surface of the drawing ) . The periphery of the lid 43 is welded to a 
substrate such as the electrode and the insulator is directly periphery wall of a container opening 41a . 
formed on the substrate . As shown in FIG . 11 , in the wound body 36 , end surfaces 

The stacked electrode structure is usually produced of the negative electrode 34 and the positive electrode 35 
through a punching step . When the punching is performed , 5 may be covered with the insulator 47 including the organic 
chips are generated on the metal foil forming the current fiber layer . This organic fiber layer 47 can be formed using 
collector , and they cause short - circuits . As shown in FIG . 8 , the same material of the organic fiber layer as that of the 
when the periphery , except for the positive electrode tab 18c organic fiber layer formed on the surface of the negative 
and the negative electrode tab 20c , is covered with the electrode 34 as the separator 33a in the same production 
insulator 27 including the organic fiber layer , short - circuits 10 method as that of the layer . The occurrence of the short 
can be avoided and the safety of the battery can be increased . circuit is avoided at the edge because the edge of the wound 

As shown in the perspective view of FIG . 9 , the insulator body is covered with the insulator , and the safety as the 
27 including the organic fiber layer can cover the whole battery can be increased . 
surface of the electrode cell 24 except for the positive Concrete examples are shown below . 
electrode tab 18c and the negative electrode tab 20c . The Example 1 
safety of the electrode cell can be easily increased by 
covering the surface of the electrode cell 24 with the A negative electrode in which negative electrode active 
insulator as described above . Moreover , such a structure can material layers including lithium titanate were formed on a 
provide not only an expanded permissible range of a devia- 20 current collector formed of an aluminum foil was prepared . 
tion between the electrode surfaces facing each other but Primary particles of the lithium titanate had an average 
also a rarely occurring influence of the chips of the electrode particle size of 0.5 um . An organic fiber layer was formed on 
and the current collector , and thus a probability of occur the negative electrode according to an electrospinning 
rence of short - circuits can be reduced . In addition , there is method . 
an advantage in which short - circuits can be avoided at the 25 PVdF was used as the organic material . A starting material 
electrode edge . solution for forming the organic fiber layer was prepared by 

FIG . 10 is an exploded perspective view showing a wound dissolving PVdF in DMAc , which is a solvent , at a concen 
secondary battery . The wound electrodes 30 illustrated has a tration of 20 % by mass . The obtained starting material 
flat wound body 36 and multiple current collector tabs 37a solution was supplied onto the surface of the negative 
and 37b , and two pairs of the current collectors 38 and 39. 30 electrode from a spinning nozzle using a metering pump at 
The wound body 36 includes a strip - shaped negative elec a supply speed of 5 ul / minute . A voltage of 20 kV was 
trode 34 , a separator 33a , a strip - shaped positive electrode applied to the spinning nozzle using a high voltage genera 

and a separator 33b . The separator 33a includes an tor , thereby the organic fiber layer was formed by moving 
organic fiber layer directly formed on a surface of the one of the spinning nozzles in the range of 100x200 mm . 
negative electrode 34. The separator 33b can be a strip- 35 The results of SEM observation confirmed that the 
shaped member , but may be the organic fiber layer directly organic fiber layer formed had a thickness of 10 um or less , 
formed on the surface of the positive electrode 35. It can be and a diameter of the organic fiber of 50 nm or less . In 
said that the wound body 36 is a structure in which a addition , a mercury penetration method confirmed a porosity 
laminate of the negative electrode 34 , the separator 33a , the of 85 % or more . 
positive electrode 35 , and the separator 33b , which are 40 The surface and the contact surface with the electrode of 
disposed in this order , is wound . the obtained organic fiber layer were observed by SEM , and 

The organic fiber layer included in the separator 33a can a great difference was not observed between the two surface 
be formed on the surface of the negative electrode 34 using states . From this fact , it was confirmed that there were also 
the materials already explained in accordance with the pores at the contact surface with the electrode in the organic 
method already explained . As described above , the organic 45 fiber layer . 
fiber layer can have a thickness of less than 12 um . This can Next , a simple cell was produced and battery perfor 
reduce the thickness of the separator 33a and the number of mances were evaluated . 
the windings of the laminate can be increased , and thus the An electrode , in which negative electrode active material 
battery capacity is not reduced . layers including lithium titanate were formed on a current 

The thus resulting wound electrodes 30 are liquid - tightly 50 collector formed of an aluminum foil , was prepared as a 
housed in a battery container 41 , and impregnated with the negative electrode , and an electrode , in which positive 
non - aqueous electrolyte . The inside surface of the battery electrode active material layers including lithium cobalt 
container 31 is covered with an insulating layer ( not shown oxide were formed on a current collector formed of an 
in the drawing ) , by which the wound electrodes 30 are aluminum foil , was prepared as a positive electrode . 
electrically isolated from battery container 41. The wound 55 A starting material solution for forming the organic fiber 
electrodes 30 are disposed in the container 41 so that the layer was prepared by dissolving PVdF , which was an 
current collectors 38 and 39 , which are collector members , organic material , in DMAc , which was a solvent , at a 
are located to face the main surface side of the battery concentration of 20 % by mass . 
container 41. The negative electrode current collector 38 is Using the obtained starting material solution , the organic 
connected to the negative electrode terminal 44a through a 60 fiber layer was formed on the surface of the negative 
lead member ( not shown in the drawing ) . Similarly , the electrode under the same conditions as described above . 
positive electrode current collector 39 is connected to the Two kinds of organic fiber layer were produced by changing 
positive electrode terminal 44b through a lead member ( not a film - forming time in the electrospinning . Specifically , the 
shown in the drawing ) . film forming time in the electrospinning was set at 30 

The negative electrode terminal 44a and the positive 65 minutes or 60 minutes . 
electrode terminal 44b are each attached to a lid 43 through The results of SEM observation confirmed that any of the 
an insulating hermetic seal member ( not shown in the organic fiber layer formed had a thickness of 10 um or less , 
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and 40 % of the entire volume of the fibers forming the fiber of the separator and the high porosity relate to not only the 
layer was accounted for by the fibers having a diameter of increased initial charge capacity but also the improved rate 
about 50 nm . From the length measurement and the obser characteristics . 
vation of the fiber film by SEM , it can be presumed that the Self - discharge characteristics of the sample cells and the 
organic fiber has a length of at least 1 mm . The positive 5 cells of Comparative Example 1 were measured . The results 
electrode was disposed on the obtained organic fiber layer , are shown in FIG . 13. The self - discharge characteristics 
which was punched into a predetermined size to give an were obtained from a measurement using a potentiostat . 
electrode structure . After the structure was subjected to As shown in FIG . 13 , in the cells of Comparative Example 
vacuum drying at room temperature overnight , it was 1 using a cellulose separator , the voltage reduced to 0.7 V 
allowed to stand in a glove box having a dew point of -80 ° 10 after 48 hours , due to self - discharge . 
C. or lower for one day . On the other hand , in the sample cells of the embodiment 

The resulting structure was housed in a battery container using the electrospun film , it is understood that self - dis 
together with an electrolytic solution to give a sample 1 or charge is inhibited . In particular , in the sample cell 2 having 
sample 2 of the present embodiment . The electrolytic solu the electrospun film ( 60 minutes ) , the voltage is maintained 
tion used was obtained by dissolving LiPF , in ethylene 15 at 2 V or more even after 75 hours . 
carbonate ( EC ) and dimethyl carbonate ( DMC ) . In the present embodiment , because the electrospun film 

A cell of Comparative Example 1 was produced in the is formed , misalignment between the electrode surfaces 
same formation as above except that a polyethylene sepa facing each other and exposure of the edge are substantially 
rator conventionally used was used . The polyethylene sepa prevented . It can be presumed that improvements in the 
rator used here had a thickness of about 20 um . 20 self - discharge characteristics are realised by such factors . 

Initial charging characteristics of the sample cells and the The organic fiber layer fixed and supported on the elec 
cell of Comparative Example 1 were measured . The results trode is used as the separator in the present embodiment , and 
are shown in FIG . 12. The initial charging characteristics thus the secondary battery having excellent initial charge 
were obtained from a measurement using a potentiostat at a capacity and self - discharge characteristics can be obtained . 
charging rate of 1 C. In FIG . 12 , curves a , b and c are results 25 
of the sample cell ( 30 minutes ) , the sample cell ( 60 minutes ) , Example 2 
and the comparative cell , respectively . 
As shown by curve c , in the cell of Comparative Example A ductility of the separator of Example 1b was measured . 

1 using the polyethylene separator , the capacity reduces as The results are shown in FIG . 22. In addition , a separator 
the rate is increased , and it reduces to about 3.1 mAh at a rate 30 formed of a cellulose fiber non - woven fabric , having a 
of 8 C. On the other hand , in the sample cells of the thickness of 30 um and a porosity of 80 % , was prepared as 
embodiment having the electrospun film ( the curves a and a separator of Comparative Example 2. The separator of 
b ) , the reduction of the capacity is smaller than that in the Comparative Example 2 was a commercially available prod 
cell of Comparative Example 1 . uct , and is generally used in a capacitor , or the like . The 

The separator using the sample cell ( 30 minutes ) ( here- 35 ductility of the separator of Comparative Example 2 was 
inafter referred to as the separator of Example 1a ) had a measured under the same conditions as in Example 1b . The 
porosity of 93 % , and a number of contacts , per unit area in results are also shown in FIG . 22 . 
the cross section in the thickness direction , of 46 ( contacts / As apparent from FIG . 22 , breakage of the separator of 
100 um ? ) . On the other hand , the separator using the sample Example 1b occurred at a tensile stress of more than 2 MPa ; 
cell ( 60 minutes ) ( hereinafter referred to as the separator of 40 and breakage of the separator of Comparative Example 2 
Example 1b ) had a porosity of 86 % , and a number of occurred at a tensile stress of less than 1 MPa . From these 
contacts , per unit area in the cross section in the thickness results , it can be understood that the separator of Example 1b 
direction , of 89 ( contacts / 100 umº ) . has a ductility about 12 times that of the separator of 

The method of measuring the number of contacts is as Comparative Example 2 . 
follows : A scanning electron microscope ( SEM ) photograph 45 The surfaces of the separators of Example 1b and Com 
of a cross section , obtained when the separator is cut in the parative Example 2 were observed by SEM . An SEM 
thickness direction thereof , is photographed . An SEM pho photograph of the surface of the separator of Example 1b is 
tograph of the separator of Example 1b is shown in FIG . shown in FIG . 23 , and SEM photographs of the surface of 
210. At arbitrary 22 points in the SEM photograph , the the separator of Comparative Example 2 are shown in FIGS . 
number of contacts in a 5 um square is counted , and from the 50 24 to 26 . 
obtained results , the number of contacts per 100 um ? is As apparent from the SEM photograph of FIG . 23 , the 
calculated . FIG . 21 is an enlarged photograph of a 5 um contact of the organic fiber forming the separator of 
square area of the SEM photograph shown in FIG . 2la . Example 1b does not involve a chemical bond , such that the 

It can be confirmed by the SEM observation after the organic fibers are brought into contact with each other , the 
separator is pulled that the contact , the intersection form of 55 organic fibers are overlapped with each other , or the organic 
the organic fibers , is changed by a tensile stress . fibers are interwound with each other , and is formed by a 

In the present embodiment , the electrospun film is used as physical or mechanical bond occurring between the organic 
the separator , and this film has a thin thickness and a high fibers . When a tensile stress is applied to the separator of 
porosity . For this reason , the movement efficiency of ions is Example 1b , accordingly , the contact of the organic fiber is 
improved , an electrolytic solution - lack layer is not generated 60 loosened and the direction of the organic fibers is equal to 
and it is possible to suppress from increasing the impedance the direction of the tensile stress , thus breakage hardly 
in the separator . As a result , it can be presumed that the occurs and the separator of Example 1b has excellent 
initial charge efficiency is increased . ductility . On the other hand , as apparent from the SEM 
Rate characteristics were confirmed by evaluating to what photographs of FIGS . 24 to 26 , regarding the separator of 

extent the charge and discharge can be performed by altering 65 Comparative Example 2 formed of cellulose fiber non 
a charge and discharge speed , and improvement in the rate woven fabric , the contact is formed by a chemical bond 
characteristics were also confirmed . The thin film thickness between the cellulose fibers , and the cellulose fibers are 
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fixed at the contact . For this reason , when tensile stress is respectively . In FIG . 27 , the maximum value of the self 
applied to the separator of Comparative Example 2 , the discharge amount ( mAh / day ) of the sample cell 11 is defined 
cellulose fiber is extended from the contact as the base point , as 1 , and other self - discharge amounts are shown . In FIG . 
thus resulting in breakage . The ductility of the separator of 28 , the maximum value of the self - discharge amount ( mAh ) 
Comparative Example 2 depends on the strength of the 5 day ) of the sample cell 15 is defined as 1 , and other 
cellulose fiber itself , and is inferior to those of the Examples . self - discharge amounts are shown . The peel strengths of the separators of Example 1b and As apparent from FIG . 27 , when the thickness is fixed , the Comparative Example 2 were measured using a measuring sample cells of Examples 12 to 14 , having a number of apparatus , model No. RT - 2020D - D - CW , manufactured by contacts of 30 ( contacts / 100 um ? ) or more and 120 ( con Rheotech Co. , Ltd. The measurement of the separator of 10 tacts / 100 um ? ) or less , had a self - discharge amount smaller Comparative Example 2 was performed after a negative 
electrode , produced in the method in Example 1 , was than that of the sample cell of Example 11 , which had a 
pressure - joined thereto . The peel strength between the sepa number of contacts of less than 30 ( contacts / 100 um ? ) In 
rator of Example 1b and the negative electrode was 24 N , addition , as apparent from FIG . 28 , when the porosity and 
whereas the peel strength between the separator of Com- 15 the number of contacts are fixed , the sample cells of 
parative Example 2 and the negative electrode was equal to Example 16 to 20 , which had a thickness of 8 to 21 um , had 
the minimum limit of detection or less . a self - discharge amount smaller than that of the sample cell 

of Example 15 , which had a thickness of less than 8 rm . 
Example 3 The contact can be formed by , for example , an electro 

20 spinning method . The SEM photographs of the surfaces of 
An organic fiber layer was formed on a surface of a the separators of Reference Example 1 to 3 and Example 3 , 

negative electrode under the same conditions as explained in shown in FIG . 29 to FIG . 32 , are those obtained by photo 
Example 1 , except that a film - forming time in the electro graphing separators formed by shortening the electrospin 
spinning was changed to those shown in Table 1. The ning time to several seconds , in order to easily find the 
organic fiber layer had a form shown in FIG . 15. Regarding 25 disposition of the fibers . The separator of Reference 
the negative electrode , the values of surface roughness of a Example 1 , shown in FIG . 29 , has a three - dimensional steric 
current collector tab were an Ra of 0.31 um and Rz of 3.34 structure in which multiple microfibers are bonded to resin 
um ; those of a negative electrode active material - containing particles . The separator of Reference Example 2 , shown in 
were an Ra of 1.23 um and Rz of 15.74 um , thus the surface FIG . 30 , has dispersion in the diameter of the organic fiber . 
roughness of the current collector tab was smaller than the 30 In the separator , shown in FIG . 31 , there are both thick 
surface roughness of the negative electrode active material organic fibers and thin organic fibers . In the separators of 
containing layer . Table 1 gives the thickness of the organic Reference Examples 1 to 3 , the particulate or thick parts are 
fiber layer , the length and diameter of the organic fiber , the fixed , and thus it is difficult to change the form of the contact 
volume ratio of the entire amount of fibers forming the at which the organic fibers intersect with each other when a 
organic fiber layer , having a diameter of 50 nm or less , the 35 tensile stress is applied to the separator . On the other hand , 
average pore size of the pores , the porosity , and the number as exemplified by FIG . 32 , when the diameter of the organic 
of contacts per unit area in the cross section in the thickness fiber is small and uniform , the form of the contact at which 
direction , obtained in Examples 11 to 20 . the organic fibers intersect with each other is changed by 
[ Table 1 ] applying tensile stress to the separator . The layer of the 

TABLE 1 

Film - forming 
time 

( minute ) 

Ratio of 
Organic organic fibers Average 

fiber having a pore 
diameter diameter of 350 size 

( um ) nm or less ( % ) ( um ) 
Thickness 

( um ) 

Number of 
contacts 

Porosity ( contacts / 100 
( % ) um ? ) 

Example 11 
Example 12 
Example 13 
Example 14 
Example 15 
Example 16 
Example 17 
Example 16 
Example 19 
Example 20 

5 
9 

20 
30 

6 
8 

13.5 
14 
17 
21 

5 
5 
5 
5 
6 
8 

13.5 
14 
17 
21 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

84 
82 
81 
80 
84 
84 
84 
84 
84 
84 

0.64 
0.35 
0.15 
0.10 
0.53 
0.4 
0.24 
0.23 
0.18 
0.15 

93 
85 
76 
70 
93 
93 
93 
93 
93 
93 

20 
35 
80 

119 
20 
20 
20 
20 
20 
20 

60 

Using the negative electrode integrally formed with the organic fiber whose diameter is small and uniform can be 
organic fiber layer obtained in each of Example 11 to 20 , obtained by controlling a solution concentration , a distance 
samples 11 to 20 were produced in the same manner as in between the sample and the nozzle , and the like in the Example 1 . electrospinning method . With respect to sample cells 11 to 20 , a self - discharge 
amount ( mAh / day ) was measured using a potentiostat . Mea After the samples of Example 11 to 20 in Example 3 were 
surement conditions were as follows : SOC ( state - of - charge ) subjected to charge and discharge , the sample was disas 
before storage of 100 % , storage temperature of 25 ° C. , and sembled , and the state of the covered separator was 
storage term of 7 days . 65 observed . As shown in FIG . 33 , the separator was removed 

The results of sample cells 11 to 14 and the results of from the positive electrode , and whether or not the separator 
sample cells 15 to 20 are shown in FIG . 27 and FIG . 28 , was existed on the negative electrode was visually observed . 
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It was confirmed that , of all the samples , the negative confirmed that the negative electrode was covered with the 
electrode was covered with the separator even after the separator even after the charge and discharge . 
charge and discharge . According to at least one secondary battery of the 

embodiments and Examples , the organic fiber layer , layered 
Example 4 on the intersection part of the end surface of the active 

material - containing layer and the surface perpendicular to 
An electrode shown in FIG . 15 , in which a negative the thickness direction of the tab , is included , whereby the 

electrode active material layer including lithium titanate was peeling - off of the separator from the electrode can be 
formed on a current collector formed of an aluminum foil as inhibited . According to the secondary batteries of the 
a negative electrode , was prepared in the same manner as in 10 embodiments and Examples , the organic fiber layer having 
Example 1. An organic fiber layer was formed on the the contacts in which the organic fibers intersect with each 
negative electrode according to an electrospinning method . other and the form of the intersection is changed by a tensile 
The organic fiber layer had a form shown in FIG . 15 . stress , is included , whereby the ductility of the separator can 

be improved . As a result , a secondary battery having high Regarding the negative electrode , the values of surface 15 energy density and low impedance can be provided . roughness of a current collector tab were an Ra of 0.31 um While certain embodiments have been described , these and Rz of 3.34 um ; those of a negative electrode active embodiments have been presented by way of example only , material - containing layer were an Ra of 1.23 um and Rz of and are not intended to limit the scope of the inventions . 15.74 um ; thus the surface roughness of the current collector Indeed , the novel embodiments described herein may be 
tab was smaller than the surface roughness of the negative 20 embodied in a variety of other forms ; furthermore , various 
electrode active material - containing layer . omissions , substitutions and changes in the form of the 

Polyamide was used as the organic material . A starting embodiments described herein may be made without depart 
material solution for forming the organic fiber layer was ing from the spirit of the inventions . The accompanying 
prepared by dissolving polyamide in DMAc , which is a claims and their equivalents are intended to cover such 
solvent , at a concentration of 15 % by mass . The obtained 25 forms or modifications as would fall within the scope and 
starting material solution was supplied onto the surface of spirit of the inventions . 
the negative electrode from a spinning nozzle using a What is claimed is : 
metering pump at a supply speed of 100 ul / minute . A voltage 1. A method of manufacturing an electrode with an 
of 30 kV was applied to the spinning nozzle using a high organic fiber layer , the electrode comprising a current col 
voltage generator , thereby the organic fiber layer was formed 30 lector having an outer edge , a tab protruding from the outer 
by moving a spinning nozzle in the range of 100x200 mm . edge of the current collector , and an active material - con 

The results of observation by SEM show that the organic taining layer supported on at least one side of the current 
fiber layer formed had a thickness of 10 um , and 80 % of the collector , the method comprising : 
entire volume of the fibers forming the fiber layer was forming the organic fiber layer through an electrospinning 
accounted for by organic fibers having a diameter of 350 nm 35 method by discharging a starting material solution from 
or less . It was also confirmed , by the mercury penetration a spinning nozzle over at least a part of a main surface 
method , that the porosity was 85 % and the average pore size of the active material - containing layer and an intersec 
of the pores was 0.4 um . In addition , it was confirmed that tion part between an end surface of the active material 
the number of contacts , per unit area in the cross section in containing layer and a surface of the tab that is per 
the thickness direction , was 80 ( contacts / 100 um > ) in the 40 pendicular to a thickness direction of the tab ; 
same manner as in Example 1 . wherein the starting material solution comprises a solvent 
Using the negative electrode on which the organic fiber and an organic material dissolved in the solvent , 

layer was accumulated , a sample was produced in the same the solvent is at least one selected from the group con 
manner as in Example 1. As a sample of Comparative sisting of dimethylacetoamide , dimethylsulfoxide , 
Example 3 , a cell having the same formation as that in 45 N , N - dimethylformamide , N - methylpyrrolidone , and 
Example 1 , except that the separator of Comparative water , and 
Example 2 was used , was prepared . the organic material is at least one selected from the group 

With respect to the sample cell of Example 4 and the cell consisting of polyamide - imide , polyamide , polyolefin , 
of Comparative Example 3 , the self - discharge characteris polyether , polyimide , polyketone , polysulfone , cellu 
tics , measured under the same conditions as in Example 3 , 50 lose , polyvinyl alcohol , and polyvinylidene fluoride , 
are shown in FIG . 34 , and the rate characteristics , measured wherein the organic fiber layer is porous . 
in the same method as in Example 1 , are shown in FIG . 35 . 2. The method according to claim 1 , wherein the organic 
The rate characteristic are expressed by a discharge capacity material is at least one selected from the group consisting of 
at 5 C , 10 C , 20 C , 40 C , or 60 C , the discharge capacity at polyamide - imide , polyamide , polyimide , and polyvi 
1 C being defined as 100 % . 55 nylidene fluoride . 
As apparent from FIG . 34 , the sample cell of Example 4 3. The method according to claim 1 , wherein the solvent 

is smaller in the voltage change relative to the storage time is at least one selected from the group consisting of dim 
than in Comparative Example 3 , and thus the self - discharge ethylacetoamide , N , N - dimethylformamide , and N - methyl 
characteristic thereof is excellent . As apparent from FIG . 35 , pyrrolidone . 
the sample cell of Example 4 is also larger in the discharge 60 4. The method according to claim 1 , wherein the organic 
capacity retention rate when the discharge rate is increased fiber layer is accumulated on the end surface of the active 
than the cell of Comparative Example 3 , and thus the rate material - containing layer . 
characteristic is excellent . After the sample cell of Example 5. The method according to claim 1 , wherein the active 
4 was subjected to charge and discharge , the sample was material - containing layer comprises lithium titanate . 
disassembled , and the separator was removed from the 65 6. The method according to claim 5 , wherein particles of 
positive electrode . Whether or not the separator was present the lithium titanate have an average primary particles size 
on the negative electrode was visually observed . It was within a range of 0.001 to 1 um . 
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7. The method according to claim 1 , wherein the tab is 

formed of at least one conductive material selected from the 
group consisting of aluminum , aluminum alloy , and a cop 
per . 

8. A method of manufacturing a secondary battery com 
prising : 

preparing the electrode with the organic fiber layer by the 
method according to claim 1 , and 

providing a counter electrode to face the organic fiber 
layer . 
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